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INTRODUCTION 


The MC146805F2L1 is a fully static single-chip CMOS 
microcomputer unit (MCU) containing 64 bytes of RAM, 
1089 bytes of user ROM, two 8-bit input/output ports, four 
input-only lines, two timer registers, and an on-chip oscil- 
lator. The MC146805F2L1 ROM contains three distinct 
routines including: 

1. Monitor 

2. Demonstration Program (Keyless Entry System) 

3. Self-Check Program (Self Test) 

The self-check feature is fully described in the 
MC146805F2 data sheet and it can be used to verify opera- 
tion of the MCU. The self-check routine is included in all 
MC146805F2 devices. 

The Keyless Entry demonstration program which is con- 
tained only in the MC146805F2L1 (or P1) is discussed in 
Motorola Application Note AN-863. 

The monitor routine which is contained in all 
MC146805SF2L1 (or P1) MCU devices is discussed in this ap- 
plication note. The monitor routine aliows the user to 
evaluate the MCU using a standard RS-232 terminal. The 
user can enter short programs into the on-chip RAM and 
execute them via the monitor. A description of the monitor 
operation follows along with an assembled listing of the 
actual program. 


MONITOR MODE 


In this mode, the MC146805F2L1 Microcomputer is con- 
nected to a terminal capable of running at 300, 1200, 4800, or 
9600 baud. Figure 1 contains a schematic diagram of the 
monitor mode connections and a table showing PCO and 
PC1 switch settings to obtain a baud rate that matches the 
terminal. Be sure the oscillator frequency is 3.579545 MHz. 
Any area of RAM from location $048 to $07A can be used 


for program storage; however, upper locations may be 
needed for user stack. 

When the microcomputer is reset, a power-up message is 
printed. Following the message, the prompt character ‘‘.’’ is 
printed and the monitor waits for a response. The response 
may consist of single letter commands with some commands 
requiring additional input. Unrecognized commands respond 
by printing ‘‘?’’. Valid commands are: 

R—Display the Registers 

A—Display/Change the Accumulator 

X—Display/Change the Index Register 

M—Display/Change Memory 

C—Continue Program Execution 

E—Execute Program at Address 

S—Display State of I/O and Timer 


R — Display the Register 
The processor registers are displayed as they appear on the 
stack. The format of the register print is: 


HINZC AA XX PP 


The first field shows the state of the condition code register 
bits. Each bit in the register has a single letter corresponding 
to the bit name. If the letter is present, the bit is a logic 1. Ifa 
**.”? is printed in place of the letter, that bit is a logic 0. For 
example, ‘‘H..ZC’’.means that the H, Z, and C bits are logic 
ls and that the I and N bits are logic Os. The remainder of the 
line shows the status of the accumulator, index register, and 
program counter, respectively. The stack pointer is always at 
a fixed address (in this case $07A). The values shown are the 
values loaded into the CPU when a ‘‘C”’ or ‘‘E”’ command is 
executed. All register values except the condition code 
register can be changed with other commands. To change the 
condition code register, it is necessary to use the memory 
change command and modify location $07B. 
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FIGURE 1 — MC1468705F2L1 Monitor Mode Schematic Diagram 


A — Examine the Accumulator 


This command begins by printing the current value of the 
accumulator and then waits for more input. In order to 
change the current value, type in a new value (two hex digits). 
To leave the accumulator unchanged, type any non-hex digit 
(a space is a good choice). 


X — Examine/Change the Index Register 


This procedure is the same as the ‘‘A’’ command, but af- 
fects the index register instead. 


M — Examine/Change Memory 


Any memory location may be examined or changed with 
this command (except ROM). To begin, type ‘‘M’’ followed 
by a hexadecimal address in the range $000-$7FF. The 
monitor responds by beginning a new line and printing the 
memory address followed by the current contents of that 
location. At this point you may type: 

1. ‘**.’’and re-examine the same byte. (Try this with loca- 

tion $008.) 


2. “‘A’’ and go to the previous byte. Typing “‘A’’ at loca- 
tion $000 causes the monitor to go to $7FF. 


3. ‘CR’? and go to the next byte. ‘‘CR’’ is the carriage 
return character. The byte after $7FF is $000. 


4. “*DD’’, where ‘‘DD’’ is a valid 2-digit hexadecimal 
number. The new data is stored at the current address 
and the monitor then goes to the next location. This 
means that to enter a program it is only necessary to go 
to the starting address of the program and start typing 
in the bytes. To see if the byte was really inputted, you 
can use the ‘‘A’’ character to return to the last byte 
typed in. 

5. Finally, any character other than those described above 
causes the memory command to return to the prompt 
level of the monitor and prints “‘.’’. 


C — Continue Program Execution 


The ‘‘C’? command merely executes an RTI instruction. 
This means that all the registers are reloaded exactly as they 
are shown in the register display. Execution continues until 
the reset switch 1s depressed or the processor executes an 
SWI. Upon executing an SWI, the monitor regains control 
and prints the prompt character. This feature can be used for 
an elementary form of breakpoints. Since there is really no 












way to know where the stack pointer is after an SWI, the 
monitor assumes that it is at $07A. This will not be the case if 
an SWI is part of a subroutine. In this case, the monitor will 
be re-entered but the stack pointer will point to $078. This is 
perfectly valid and typing ‘‘C’’ will pick up the program 
from where it left off. However, the A, X, R, and E com- 
mands all assume the stack starts at $07A and will not func- 
tion properly. If the stack location is known, it is still possi- 
ble to examine the registers by using the M command. 


E — Start Execution at Address 

The ‘‘E’’ command waits for a valid memory address 
($000-$7FF) and places the address typed on the stack at 
locations $07E and $07F. The command then executes an 
RTI just like the ‘‘C’’ command. If the address typed is not a 
valid memory address, the command exits to the monitor 
without changing the current program counter value. 


S — Display I/O States and Timer 
The ‘‘S’’? command displays ports A, B, and C data along 


with the timer data and control register contents. The format 
of the display is: 


A BC TIM TCR 


The data displayed is simply memory locations $000-$002 
plus $008 and $009. Port A and B may be written to (chang- 
ed) regardless of whether they are an input or an output; 
however, in order to display the change, they must be all out- 
puts; i.e., to display the change for port A, change location 
$004 (port A DDR) to $FF (otherwise the changed data can- 
not reach the RS-232 terminal). Port C and the timer 
registers cannot be changed as they are used by the monitor. 


MONITOR PROGRAM 

A flowchart for the monitor mode program is provided in 
Figure 2. A listing for the ROM monitor program is attached 
to the end of this application note. 


Eee EE ooo 


RESET 
Nias = | 


MONIT 


Print CR; LF 
Print Prompt 
Get Character 
Print Space 








Print A A= Get 2 Hex Lt MONIT 
Y | 
Print X X= Get 2 Hex at MONIT 
| = x ‘int Machi | 
shar ees ine (Monit 


ieee Caen ea 





! 





Print Registers MONIT 


” 
2 zy > 
~<. 
4 


Memory a 
(Get) = Get 3 Hex 





PROC, br 
Print Get 
Print Memory (Get) 








Char= 


hee PC= Get 3 Hex 


Err 
A= Get2 Hex 


RT| Memory (Getl=A 


Get= Get+ 1 





N 


Print ‘'2"' 
(MONIT 2) 








FIGURE 2 — MC146805F2L1 Monitor Mode Operation Flowchart 
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GOOO1 Pre MC1468@85F2L1 EVALUATION ROM (C) MOTOROLA 1982 
OBOGS2 OPT CMOS, LLE=95,ABS,S,CRE 

GOLS3 

BOGS4 * 

OBGB5 KKEKEKREKEKKKKEK KKK ERE KEE ERK REE KR ERR RE KR E RE R 
BASS * 

BLOB * ROM MONITOR FOR THE 1468905 F 2 

ZBHBS8 * 

BBPO9 * THE MONITOR HAS THE FOLLOWING COMMANDS: 

GBOG1B * 

@SG11 * R -- PRINT REGISTERS. 

@2G12 * FORMAT IS CCCCC AA XX PPP 

G9G13 * 

GBG14 * A -- PRINT/CHANGE A ACCUMULATOR. 

BBG15 * PRINTS THE REGISTER VALUE, THEN 

GBO16 * WAITS FOR NEW VALUE. TYPE 

QGG17 * \N¥ NON-HEX CHARACTER TO EXIT. 

GZS18 * 

2219 * X -- PRINT/CHANGE X ACCUMULATOR. 

GBS2O * WORKS THE SAME AS 'A', EXCEPT MODIFIES X INSTEAD. 
G2G21 * | 

GBI22 * M -—- MEMORY EXAMINE/CHANGE. 

G2223 * TYPE M AAA TO BEGIN, 

QOG24 * THEN TYPE: . -- TO RE-EXAMINE CURRENT 

QOS25 * * -- TO EXAMINE PREVIOUS 

GOS26 * CR -— TO EXAMINE NEXT 

QBOG27 * DD -— NEW DATA 

BBG28 * ANYTHING ELSE EXITS MEMORY COMMAND. 

BBH29 * NOTE : LOCATIONS $48-$47, AND $7A-S7F ARE USED BY 
GBS39 * THE MONITOR, AND MAY NOT BE ACCESSED. 
G6G31 * C -—- CONTINUE PROGRAM. EXECUTION STARTS AT 

QBV32 * THE LOCATION SPECIFIED IN THE PROGRAM 

OOE33 * COUNTER, AND 

22034 * CONTINUES UNTIL AN SWI IS EXECUTED 

GO835 * OR UNTIL RESET. 

GBB36 * 

BOS37 * E -- EXECUTE FROM ADDRESS. FORMAT IS 

GOS38 * E AAAA. AAAA IS ANY VALID MEMORY ADDRESS. 

GOB39 * 

GOGAD * S -- DISPLAY MACHINE STATE. ALL IMPORTANT REGISTERS ARE 
BOBAL * DISPLAYED. 

GBS42 * 

00043 * ~ MODIFIED 9/18/81 MAU 

GOG44 * 

BGOGG45 KRRKKKEKEKEKEEEKEKREKKKEKREKEEE ERR KEKE KREKREEEKE REESE KKK RRR KEK 
BOBAG * 

QOG47 * DEFS 

GO0L48 * 

GAOSC49 KEKEKKKEERKREREREKRREEKKRREKERKEKRKRREKKEEKEEKEKREEREKREKAEKR RK RKREKRKKEKREK 
GOO5O O88P A MEMSIZ EQU S882 THIS MUCH MEMORY ON F2 

GOO51 QO2E A PROMPT EQU Z PROMPT CHARACTER 
GHB52 QGBOD A FWD EQU SOD GO TO NEXT BYTE 

G0S53 QO5E A BACKUP EQU iat GO TO PREVIOUS BYTE 

QGO54 QG2E A SAME EQU na RE-EXAMINE SAME BYTE 

BBQO55 ZOAD A CR EQU S@D RETURN 

GBS56 QBGA A LF EQU SOA LINEFEED 

OOO57 ZOG4 A EOS EQU $4 MESSAGE TERMINATOR 

GOO58 ZBS2O A BL EQU S28 SPACE 
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GQB59 * 
GBG6G * OTHER 
GBGE1 * 
OBG62 OBW4P A RAM EQU S40 RAM BEG ADDR 
GOB63 OO7E A INITSP EQU S7F INITIAL STACK POINTER VALUE 
BLBC4 OO7A A STACK EQU INITSP-5 TOP OF STACK 
G2G65 GBP8 A TIMER EQU $88 TIMER DATA REG 
BBBE6 BOBO A TCR EQU $g9 TIMER CONTROL REG 
QOG67 OOSH A PORTA EQU SOO PORTA DATA REG 
BOB68 QGOG1 A PORTB EQU Sl PORTB " : 
GOB69 BOG2 A PORTC EQU $G2 PORTC " x 
| SOTO OBA A DDR EQU SB4 DDR OFSET 
GOB71 * 
QGAG72 * RAM VARIABLES 
G2GB73 * 
BQOT4 QO4B A GET EQU RAM+@ 4-BYTE NO-MANS LAND, SEE PICK AND DROP SUBROUT 
QOGB75 QOG44 A ATEMP EQU RAM+4 ACCA TEMP FOR GETC,PUTC 
CAGIOM AS G45 A XTEMP EQU RAM+5 X REG. TEMP FOR GETC, PUTC 
| 8977 WW46 A CHAR EQU RAM+6 CURRENT INPUT/OUTPUT CHARACTER 
| 2BG78 QQ47 A COUNT EQU RAM+7 NUMBER OF BITS LEFT TO GET/SEND ° | 
GOB79 KREKEKKKREKKEKE KEKE KKEKRKEREKE KEKE KEKE KEEKKKKKKEREKREKKEKREKEEKKEEK 
OGBS8O * | 
OOG81 * MESSAGES 
BOVB82 * | 
GOG83 KEKE KEKE KKK KEK KKK KR EKER KEKE KEKE KE KKK HRA KRKKKKKEKKEKRKRKRREK 
GOS84A OG8G ORG S$8f 
GBBVB5 KEE K KKK KKK EKER RRR KR KKK KERR ARKR RRR KKRKRREKRRKKEKRE RRR RRR RR KREK 
BBGEE * 
QOB87 x IOMSG --- MACHINE STATE MESSAGE 
GBB88 * 
QOOB89 * A. -B- <C.-TIM. TCR 
OGOGIO * DD DD DD DD DD 
OGGBGI1 * 
GBGS2A BB8B QD A IOMSG FCB CR, LF : 
QHOGI3A BO82 2 A FCC Jf B “Bo -CoTIM TeR/ 
ABGIAA BBI2 OD A FCB CR,LF,EOS 
QBGI5 * 
BBGI * PUMSG --- POWER UP MESSAGE 
ABSIT * 
GOGISA BBI5 SD A PUMSG FCB CR,LF 
GOSI9A BGBI97 48 A FCC /HEY Y'ALL,LOOK !!1 THE 1468@5F2/ 
GO1GOA BOBE BD A FCB CR,LF,EOS 
OG1G1 * 
OG1B2A BOBI 36 A VERIFY FCB $36 Y 
GG1G3A OSBA 71 A FCB $71 F 
| GG1G4A SSBB 52 A FCB $56 I 
QGOG1G5A BBC 62 A FCB S6G R 
| QG1G6A BEBD Fl A FCB SF E 
@Q1G7A BEBE D6 es FCB SD6 V 
OG1G8A BOBF WO A FCB BLANK BLANK 
OG1FIA BCC QO A FCB BLANK BLANK 
| OG11GA BGC1 6B A ERROR FCB S68 R 
| @6111A B8C2 E4 A FCB SE4 O 
| @0G@112A 8BC3 68 A FCB S68 R 
OB113A BGC4 6B A FCB S68 R 
@G114A @8C5 Fl A FCB SF1 E 
GB115A LBOC6 BO A FCB BLANK 
Q@G116A BEC7 14) A FCB BLANK 








PAGE 


OBGL1I7A 
OB118A 
QOB119A 
QGO1L2GA 
OB1l21A 
OB1L2Z2A 
OG123A 
OBG124A 
QGB125A 
OBG126A 
OB127A 
OO1L28A 
GO129A 
Q9130A 
OZ131A 
OG132A 
QOG133A 
02134 
06135 
OG136A 
G@137 
98138 
GB139 
OG14 
GG141 
G@B142 
Q@B143A 
GG144 
OBL45A 
OBL46A 
QG147 
OG148 
GB149 
OGB15H 
OB151A 
OG152A 
0G153 
0@154 
Q9155 
QY156A 
OG1572 
OB158A 
OB159A 
GG160 
OG161 
OG162 
BB163 
GG164 
OGiSe5A 
QO1LGGCA 
09167 
OB1l68A 
QBO1LOIA 
OB1L7OA 
BO1L71A 
OB1L72A 
OOL73ZA 
OB174A 


G03 


BIJC8 
BBCI 
QOOCA 
GYCB 
QBOCC 
BOCD 
OOCE 
OSCE 
BBDD 
QGOD1 
OOBD2 
GIJD3 
GBD4 
QGOD5 
QGPDO 
QO6D7 
Q9BD8 


QGBDI 


GOES 


OBES 
OGFB 


QOFE 
G1 OD 


G1G2 
B1lD4 
G187 
BG188 


V1GA 
BG1gc 


Q1OF 
G11 
G11l1 
G114 
Q117 
C118 


B1l1lA 


06 
Ce 


AE 


CD 
83 
208 


i et a a a a a ee 


> > 


@2 03 OOFE 


0343 


QOFE 


Ol 


95 
G2AB 


EE 


8B 
Q2AB 


G245 
0273 


O3 
F4 
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PP PY 
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OPEN 1 


RESET 
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FCB 
FCB 
ECB 
ECE 
PCB 
PCE 
FCB 
FCB 
PCB 
FCB 
BCB 
FCB 
PCE 
FCB 
PCB 
PCB 
FCB 


EQU 
BSZ 


me 


MOTOROLA 1982 


BLANK 
BLANK 
BLANK 
$64 
SF1l 
$73 
SD7 
BLANK 
BLANK 
S$O1 
$84 
$26 
$88 
SOD 
$05 
SBD 
982 


OVUM S24 


$129-8 
RESET-* 


KAKKEREKKKRKERREKRERKEKRKEEK KEKE RRR KEK KE RKRKRE RE RKERKRKRKEKRKAKKEKEKREKKKKKKKRKKEK 


k 
* 
* 


RESET 


POWER ON RESET ROUTINE - PROGRAM STARTS HERE 


KREKEKKKEEETKEEKREKEKEKEEKRRERKREERERRE ERR KREKKRKKRKEKEEEEKKEKRKEKKRKKKRKKRKEKKKKRKEKKRRREEE 


ORG RESET 
* 
BRSET 3,PORTC,MONITR 
JMP LOCK RUN OPTIONAL PROGRAM 
* 
* RUN THE MONITOR 
* 
MONITR EQU * 
BSET 7,PT+DDR SETUP PORT FOR SERIAL IO 
BSET 12D SET OUTPUT TO MARK LEVEL 
* 
* PRINT SIGN-ON MESSAGE 
LDX #PUMSG PRINT POWER UP MESSAGE 
JSR PMSG ‘ 
SWI GO TO MONITOR AFTER STACKING MACHINE STATE 
BRA RESET LOOP AROUND 
KEKE KKEKEIKKEEKKKKKEEEKRKER KERR ER RRR KR KKK KEK KEKE KKK RE KR KKEKKE 
* 
* STATE - PRINT MACHINE STATE 
* 
RKKEKKKEKKEREKRKREREREEKRKERERRKREREREKRKEEKRKRERKR KEKE KKK KKEKREKRKKEKRREEKEKKEKEKEER 
STATE LDX #IOMSG PRINT HEADER 
JSR PMSG ; 
* NOW PRINT VALUES UNDERNEATH THE HEADER 
CLRX 
PIO LDA x START WITH I/O PORTS 
JSR PUTBYT 
JSR PUTS 
INCX 
CPX #3 END OF I/0? 
BNE PLO NO, DO MORE 
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OG175 
YO1L76A 
OBB1L77A 
9G178A 
OBBG179A 
OB1LBEGHA 
GOL81A 
QGB1L82A 
@G183A 
08184 
@@185 
09186 
88187 
028188 
BBlLSIA 
OB19O 
OG191A 
OOG1LI2A 
OB193A 
QOO194A 
OB195A 
GO1I6A 
OBG19Y7A 
QGG198A 
GO19I9A 
GS2OGA 
OB2G1A 
BO2G2A 
BO2G03A 
BO204A 
OB205A 
BB2G6 
BO287 
BO2988 
BO2G9A 
OOG21GA 
OG211 
GB212 
GG213 
GO214A 
GG215 
GG216 
@B217 
GO218A 
OO219A 
OB22GA 
OBG221A 
BO222A 
GO223A 
OGO224A 
GG225 
GB226 
OO227 
QO228A 
BGO229A 
OB230A 
OO231A 
OO232A 
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G11C 
O11F 
0121 
G124 
9127 
Q12A 
G12C 
Oi2F 


G131 


Q136 
8138 
G139 
@13A 
Q13B 
G13D 
Q13E 
0140 
G142 
G144 
147 
G14A 
G14B 
@14D 
G14F 


G156 
Clo? 
G1I5A 
Q15D 
G16 
9162 
6163 


Q165 
0167 
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JSR PUTS 
LDA TIMER NOW PRINT THE VALUE IN THE TIMER 
JSR PUBL 
JSR PUTS 
JSR PUES 
LDA LCR THE CONTROL REGISTER TOO 
JSR PUTBYT 
BRA MONIT ALL DONE 
PCC -~-- PRINT CONDITION CODES 


STRING FOR PCC SUBROUTINE 


SCG /HINZC/ 

LDA STACK+1 CONDITION CODES IN ACCA 
ASLA MOVE H BIT TO BIT 7 
ASLA 

ASLA 

STA GET SAVE IT 

CLRX 

LDA #'. 

ASL GET PUT BIT IN C 

BCC PCC3 BIT OFF MEANS PRINT . 
LDA. CCSTR,X PICKUP APPROPRIATE CHARACTER 
JSR PUTC PRINT OR CHARACTER 


INCX POINT TO NEXT IN STRING 


Cex #5 QUIT AFTER PRINTING ALL 5 BITS 
BLO PeCz 
RTS 
SETA --- EXAMINE/CHANGE ACCUMULATOR A 
LDX #STACK+2 POINT TO A 
BRA SETANY 
SETX --- EXAMINE/CHANGE ACCUMULATOR X 
LDX #STACK+3 POINT TO X 
SETANY --- PRINT (X) AND CHANGE IF NECESSARY 
* 
LDA X PICK UP THE DATA, AND 
JSR PUTEYT PRINE 
JSR PUTS 
JSR GETBI. SEE IF IT SHOULD BE CHANGED 
BCS MONIT ERROR, NO CHANGE 
STA rx ELSE REPLACE WITH NEW VALUE 
BRA MONIT NOW RETURN 
REGS ~—-= PRINT CPU REGISTERS 
BSR PCC PRINT CC REGISTER 
JSR PUTS SEPARATE FROM NEXT STUFF 
CLR GET+1 POINT TO PAGE ZERO, 
LDA #STACK+2 
STA GET+2 
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00233 
002340 
OO235A 
QB236 

Q0237 

08238 
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JSR OUT 2HS CONTINUE PRINT WITH A 
JSR OUT 2HS X AND FINALLY THE 
JSR OUT4HS PROGRAM COUNTER 
FALL INTO MAIN LOOP 
MONIT --- PRINT PROMPT AND DECODE COMMANDS 
JSR CRLF GO TO NEXT LINE 
LDA #PROMPT 
JSR PUTC PRINT THE PROMPT 
JSR GETC GET THE COMMAND CHARACTER 
AND #21111111 MASK PARITY: 
JSR PUTS PRINT SPACE (WON'T DESTROY A) 
CMP #' A CHANGE A 
BEQ SETA 
CMP ox CHANGE X 
BEQ SETX 
CMP eR REGISTERS 
BEQ REGS 
CMP #'E EXECUTE 
BEQ EXEC 
CMP #'C CONTINUE 
BEQ CONT 
CMP #'M MEMORY. 
BEQ MEMORY 
CMP #'S DISPLAY MACHINE STATE 
BNE MONIT2 ; 
IMP STATE COMMANDS ARE GETTING TOO FAR AWAY 
EQU * 
LDA ees NONE OF THE ABOVE 
JSR PUTC 
BRA MONIT LOOP AROUND 
EXEC --- EXECUTE FROM GIVEN ADDRESS 
JSR GETBYT GET HIGH NYBBLE 
BCS MONIT BAD DIGIT 
TAX SAVE FOR A SECOND 
JSR GETBYT NOW THE LOW BYTE 
BCS MONIT BAD ADDRESS 
STA STACK+5 PROGRAM COUNTER LOW 
STX STACK+4 PROGRAM COUNTER HIGH 
CONT --- CONTINUE USERS PROGRAM 
RTI SIMPLE ENOUGH 
MEMORY --— MEMORY EXAMINE/ CHANGE 
JSR GETBYT BUILD ADDRESS 
BCS MONIT BAD HEX CHARACTER 
STA GET+1l 
JSR GETBYT | 
BCS MONIT BAD HEX CHARACTER 
STA GET+2 ADDRESS IS NOW IN GET+1&2 
JSR CRLF BEGIN NEW LINE 
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LDA GET+1 PRINT CURRENT LOCATION 
AND #S1F MASK UPPER 3 BITS (8K MAP) 
JSR PUTBYT 
LDA GET+2 
JSR PUTBYT 
JSR PUTS A BLANK, THEN 
BSR PICK GET THAT BYTE 
JSR PUTBYT AND PRINT IT 
JSR PUTS ANOTHER BLANK, 
JSR GETBYT TRY TO GET A BYTE 
BCS MEM3 MIGHT BE A SPECIAL CHARACTER 
BSR DROP OTHERWISE, PUT IT AND CONTINUE 
MEM4 BSR BUMP GO TO NEXT ADDRESS 
BRA MEM2 AND REPEAT 
MEM3 CMP #SAME RE-EXAMINE SAME? 
BEQ MEM2 YES, RETURN WITHOUT BUMPING 
CMP #FWD GO TO NEXT? 
BEQ MEM4 YES, BUMP THEN LOOP 
CMP #BACKUP GO BACK ONE BYTE? 
BNE XMONIT NO, EXIT MEMORY COMMAND 
DEC GET+2 DECREMENT LOW BYTE 
LDA GET+2 CHECK FOR UNDERFLOW 
CMP #SFF 
BNE MEM: NO UNDERFLOW 
DEC GET+1 
BRA MEM2 
* 
* CONVENIENT TRANSFER POINT BACK TO MONIT 
* 
XMONIT JMP MONIT RETURN TO MONIT 
*& 
* UTILITIES 
* 
* PICK --- GET BYTE FROM ANYWHERE IN MEMORY 
* THIS IS A HORRIBLE ROUTINE (NOT MERELY 
: SELF-MODIFYING, BUT SELF-CREATING) 
* GET+1&2 POINT TO ADDRESS TO READ, 
* BYTE IS RETURNED IN A 
* X IS UNCHANGED AT EXIT 
* 
PICK STX XTEMP SAVE X 
LD #SD6 D6=LDA 2-BYTE INDEXED 
BRA COMMON 
* 
* 
* DROP --- PUT BYTE TO ANY MEMORY LOCATION. 
* HAS THE SAME UNDESIRABLE PROPERTIES 
* AS PICK 
* A HAS BYTE TO STORE, AND GET+1&2 POINTS 
* TO LOCATION TO STORE 
* A AND X UNCHANGED AT EXIT 
* 
DROP STX XTEMP SAVE X 
LDX #SD7 D7=STA 2-BYTE INDEXED 
* 
* 
COMMON STX GET PUT OPCODE IN PLACE 
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MC146885F2L1 EVALUATION ROM (C) MOTOROLA 1982 


LDX #$581 81=RTS 
STX GET+3 NOW THE RETURN 
CLRX WE WANT ZERO OFFSET 
JSR GET EXECUTE THIS MESS 
LDX XTEMP RESTORE X 
RTS AND EXIT 
BUMP --- ADD ONE TO CURRENT MEMORY POINTER 


A AND X UNCHANGED 


INC GET+2 INCREMENT LOW BYTE 
BNE BUMP2 NON-ZERO MEANS NO CARRY 
INC GET +1 INCREMENT HIGH NYBBLE 
RTS 
OUT4HS --- PRINT WORD POINTED TO AS AN ADDRESS, BUMP POINTER 


X IS UNCHANGED AT EXIT 


| 
BSR PICK GET HIGH NY BBE | 
AND #S1F MASK HIGH BITS 

BSR PUTBYT AND PRINT IT 


A AND X UNCHANGED 


BSR BUMP GO TO NEXT ADDRESS | 
OUT2HS -~-- PRINT BYTE POINTED TO, THEN A SPACE. BUMP POINTER 
X IS UNCHANGED AT EXIT | 
BSR PAL GET THE BYTE 
STA GET SAVE A 
LSRA 
LSRA 
LSRA 
LSRA SHIFT HIGH TO LOW 
BSR PUTNYB 
LDA GEE 
BSR PUTNYB 
BSR BUMP GO TO NEXT 
BSR PUTS FINISH UP WITH A BLANK 
RTS 
PUTBYT === PRINT A IN HEX 
STA GET SAVE A 
LSRA 
LSRA 
LSRA 
LSRA SHIFT HIGH NYBBLE DOWN H 
BSR PUTNYB. PRINT IT 
LDA GET 
BSR PUTNYS PRINT LOW NY3BLE 
RTS 
PUTNYB =--- PRINT LOWER NYBBLE OF A IN HEX 


A AND X UNCHANGED, HIGH NYBBLE 
OF A IS IGNORED. 
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BOAQ7TA O252 B7 43 A PUTNYB STA GET+3 SAVE A IN YET ANOTHER TEMP 
OG488A G254 A4 OF A AND 4SP MASK OFF HIGH NYBBLE 

OG4AGIA O256 AB 3 A ADD #'C ADD ASCII ZERO 

@041GA 9258 Al 39 A CMP #'9 CHECK FOR A-F 

Q@G411A @25A 23 B2 G25E BLS PUTNY2 

@G412A @25C AB Q7 A ADD #'A-'9-] ADJUSTMENT FOR HEX A-F 

O9413A O25E CD B2F5 A PUTNY2 JSR PUTC 

@0414A 0261 B6 43 A LDA GET+3 RESTORE A 

@2415A 8263 81 RTS 

BG416 * 

B417 * CRLF --- PRINT CARRIAGE RETURN, LINE FEED 

2418 * A AND X UNCHANGED 

0419 * 

BG42GA B264 B7 4B A CRLF STA GET SAVE 

9G421A 9266 AG BD A LDA #CR 

@G@422A B268 CD O2F5 A JSR PUTC 

90423A 926B AG BA A LDA #LE 

QG424A Q26D CD B2F5 A JSR PUTC 

GG425A G278 BE 4G A LDA GET RESTORE 

@G426A 0272 81 RTS 

GB427 * 

9428 * PUTS --- PRINT A BLANK (SPACE) 

GB429 * A AND X UNCHANGED 

843G * 

@G431A 8273 B7 4G A PUTS STA GET SAVE 

GG432A G275 AG 20 A LDA #BL 

98433A @277 AD 7c G2F5 BSR PUTC 

02434A 0279 BE 4G A LDA GET RESTORE 

@G435A 027B 81 RTS 

BB436 * 

0437 * GETBYT --- GET A HEX BYTE FROM TERMINAL 

0438 x 

9B439 A GETS THE BYTE TYPED IF IT WAS A VALID HEX NUMBER, 
09449 * OTHERWISE A GETS THE LAST CHARACTER TYPED. THE C-BIT IS 
GG441 * SET ON NON-HEX CHARACTERS; CLEARED OTHERWISE. x 
B442 * UNCHANGED IN ANY CASE. 

GB443 * 

@0444A 927C AD OF 28D GETBYT BSR GETNYB BUILD BYTE FROM 2 NYBBLES 

9G445A G27E 25 Bc g28c BCS NOBYT BAD CHARACTER IN INPUT 

QO446A 9280 48 ASLA 

G@@447A 9281 48 ASLA 

QG448A G282 48 ASLA 

9G449A 9283 48 ASLA SHIFT NYBBLE TO HIGH NYBBLE 

QG45GA 9284 B7 42 A STA GET SAVE IT 

@0451A 6286 AD 65 28D BSR GETNYB GET LOW NYBBLE NOW 

QG452A G288 25 G2 G28C BCS NOBYT BAD CHARACTER 

@9453A @28A BB 40 A ADD GET C-BIT CLEARED 

@G454A 928C 81 NOBYT RTS 

G455 

0456 * GETNYB --- GET HEX NYBBLE FROM TERMINAL 

BO457 * 

99458 * A GETS THE NYBBLE TYPED IF IT WAS IN THE RANGE Q-F, 
GB459 * OTHERWISE A GETS THE CHARACTER TYPED. THE C-BIT IS SET 
BB468 * ON NON-HEX CHARACTERS; CLEARED OTHERWISE. x IS 
GW461 * UNCHANGED. 

GB462 * 

@2463A @28D AD 28 @2B7 GETNYB BSR GETC GET THE CHARACTER 

QG464A O28F A4 7F A AND #%1111111 MASK PARITY 
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STA GET+3 SAVE IT JUST IN CASE 
SUB #'Q SUBTRACT ASCII ZERO 
BMI NOTHEX WAS LESS THAN '@' 
CMP #9 
BLS GOTIT 
SUB #'A—~'Q-—] FUNNY ADJUSTMENT 
CMP #SF TOO BIG? 
BHI NOTHEX WAS GREATER THAN 'F' 
CMP #9 CHECK BETWEEN 9 AND A 
BLS NOTHEX 
GOTIT CLC C=@ MEANS GOOD HEX CHAR 
RTS 
NOTHEX LDA GET+3 GET SAVED CHARACTER 
SEC 
RTS RETURN WITH ERROR 
KKK KKK KK KEKE EKER MERE RR E ERK KEK RE KK RRR RR KKK KKK 
*& 
- SEOR DAs: wu OF  “ROO-U T.2 NeEesS 
* 
* THESE SUBROUTINES ARE MODIFICATIONS OF THE ORIGINAL NMOS 
* VERSION. DIFFERENCES ARE DUE TO THE VARIATION IN CYCLE 
* TIME OF CMOS INSTRUCTIONS VS. NMOS. 
* 
* SINCE THE INT AND TIMER INTERRUPT VECTORS ARE USED IN THE 
* BICYCLE ODOMETER, THE I-BIT SHOULD ALWAYS’ BE 
* RUNNING THE MONITOR. HENCE, THE CODE THAT FIDDLES WITH 
* THE I-BIT HAS BEEN ELIMINATED. 
* 
* 
* DEFINITION OF SERIAL I/O LINES 
* 
* NOTE: CHANGING IN' OR OUT' WILL NECESSITATE CHANGING THE 
* WAY PUT' IS SETUP DURING RESET. 
* 
PT EQU PORTB SERIAL OUTPUT PORT 
PUT EQU PORTC SERIAL INPUT PORT 
IN EQU 2 SERIAL INPUT LINE# 
OUT EQU 7 SERIAL OUTPUT LINE# 
* 
* GETC --- GET A CHARACTER FROM THE TERMINAL 
* 
* A GETS THE CHARACTER TYPED, X IS UNCHANGED. 


KREKKKKEKEKEKEKEKEREEKRKKEKERRERE KERR REE REE EKER REE REKRERERKEKEKEKKEKREKRERKRKKKEK 


* 


* PMSG - PRINT MESSAGE POINTED TO BY X 
* 


KEKREKEKEKEEKEEKEEKREEEEKEER EKER ERR KEKE KREKRKERKRKEERREREKERERKRREREKKEKKKK RRR EK 


PMSG EQU 
PLOOP LDA O,X GET NEXT CHAR 
CMP #EOS QUIT? 
BEQ PMSGX YES, EXIT 
JSR PUTC NO, PRINT CHAR 
INCX BUMP POINTER 
BRA PLOOP DO IT AGAIN 
PMSGX RTS 
* 
* GETC - INPUT A CHARACTER ON SERIAL PORT 
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MC1468@5F2iL.1 EVALUATION ROM (C) MOTOROLA 1982 


STX XTEMP SAVE X 

LDA #8 NUMBER OF BITS TO READ 

STA COUNT — 
BRSET IN,PUT,GETC4 WAIT FOR HILO TRANSITION 

DELAY 1/2 BIT TIME 

LDA PUT 
AND #$11 GET CURRENT BAUD RATE 

TAX 

LDX DELAYS,X GET LOOP CONSTANT 

LDA #4 

NOP 

DECA 

BNE GETC2 

TST x LOOP PADDING 

BSET IN, PUT DITTO 

BSET IN, PUT CMOS DITTO 

DECX 

BNE GETC3 MAJOR LOOP TEST 

NOW WE SHOULD BE IN THE MIDDLE OF THE START BIT 
BRSET IN, PUT,GETC4 FALSE START BIT TEST 

TST x MORE TIMING DELAYS - 
TST x 

TST Pep a 

MAIN LOOP FOR GETC 

BSR DELAY (6) COMMON DELAY ROUTINE 

BRCLR IN,PUT,GETC6 (5) TEST INPUT AND SET C-BIT 
TST Pa (4)~ TIMING EQUALIZER | 
NOP (2) CMOS EQUALIZATION 

NOP (2) CMOS EQUALIZATION 
NOP (2) CMOS EQUALIZATION 
NOP (2) CMOS EQUALIZATION 
NOP (2) CMOS EQUALIZATION 
NOP (2) CMOS EQUALIZATION — 
ROR CHAR (5) ADD THIS BIT TO THE BYTE 

DEC COUNT (5) 
BNE GETC7 (3) STILL MORE BITS TO GET(SEE?) 
BSR DELAY WAIT OUT THE 9TH BIT 
LDA CHAR GET ASSEMBLED BYTE 
LDX XTEMP RESTORE X 

RTS AND RETURN 

PUTC --- PRINT A ON THE TERMINAL 

X AND A UNCHANGED — 


STA 
STA 
STX 
LDA 
STA 


CHAR 
ATEMP 
XTEMP 
#9 
COUNT 


SAVE IT IN BOTH PLACES 
DON'T FORGET ABOUT X 


GOING TO PUT OUT 
o BEts: THiS TIME 
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MC146895F2L1 EVALUATION ROM (C) MOTOROLA 1982 


CLRX FOR VERY OBSCURE REASONS 
CLC THIS 1S: THE START’ BIT 


BRA PUTCZ JUMP IN THE MIDDLE OF THINGS 


MAIN LOOP FOR PUTC 


ROR CHAR (5) GET NEXT BIT FROM MEMORY 
BEC Seurcs (3) NOW SET OR CLEAR PORT BIT 
BSET OUT, PT 

BRA PUTC4 

BCLR 2 16 re oa (5) 

BRA PUTC4 (3) EQUALIZE TIMING AGAIN 

JSR DELAY,X (7) MUST BE 2-BYTE INDEXED JSR 


THIS IS WHY X MUST BE ZERO 


COMA (3) CMOS EQUALIZATION 
COMA (3) CMOS EQUALIZATION 
COMA (3) CMOS EQUALIZATION 
DEC COUNT (5) 

BNE PUTC5 (3) STILL MORE BITS 


BSET IN, PUT 7 CYCLE DELAY 
BSET OU; PL SEND STOP BIT 


BSR DELAY DELAY FOR THE STOP BIT 
LDX XTEMP RESTORE X AND 
LDA ATEMP OF COURSE A 

RTS 

DELAY --- PRECISE DELAY FOR GETC/PUTC 
LDA PORTC PIRST,. FIND OUT 
AND #311 WHAT THE BAUD RATE IS 
TAX 
LDX DELAYS,X LOOP CONSTANT FROM TABLE 
LDA #SF8 FUNNY ADJUSTMENT FOR SUBROUTINE OVERHEAD 
ADD #509 

EQU ba 

NOP CMOS EQUALIZATION 

DECA 

BNE DEL2 

TS'TA LOOP PADDING 


BSET IN, PUT DITTO 
BSET IN. PUT CMOS DITTO 


DECX 

BNE DEL3 MAIN LOOP 

NOP CMOS EQUALIZATION 

NOP CMOS EQUALIZATION 

RES WITH X STILL EQUAL TO ZERO 





DELAYS FOR BAUD RATE CALCULATION 


THIS TABLE MUST NOT BE PUT ON PAGE ZERO SINCE 
THE ACCESSING MUST TAKE 6 CYCLES. 


FCB 32 388 BAUD 
FCB 8 1208 BAUD 
FCB 2 480908 BAUD 
FCB 1 9688 BAUD 
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PAGE 919 F2PAT SA: 1 MC146805F2L1 EVALUATION ROM (C) MOTOROLA 1982 











G1g45 * 
G1G46 x 
1947 « 
91948 * 
G1G49 * 
G1G5o * 
G1@G51 KKK IKK RI RIK KKK IKK IKK KEKE IKK IKE KE IKK RIK EKER IRE KKK KKK AKER KKK KKK 
G19G52 = 
G1853 * ‘VECTORS 
G1G54 * 
819855 KKK RK KH a KK IK IK KK KK IK RK KERR KKK RK RIK KKK KK REE RE KREK KEKE KK ERE KER 
G1G56A BO7F6 ORG MEMSIZ-19 
G1OG57A BS7FE 8355 A FDB BGIN1 
G1O@58A B7F8 9353 A FDB BGIN1 
G1G59A O7FA G4B2 A FDB INT 
G1GEGA BTEC 8179 A FDB MONIT SWI 
@1G61A O7FE OBF8B A FDB RESET 
~—- 
ee 
— 
ui 
“4 J 
I 
Motorola reserves the right to make changes to any products herein to improve reliability, function or design. Motorola does not assume any liability arising 
out of the application or use of any product or circuit described herein; neither does it convey any license under its patent rights nor the rights of others. 
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